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Abstract
Biomanipulation of filter-feeding bivalves or fish can serve as complementary measures to zooplankton manipulation approach
in lakes dominated by large-sized algae. A laboratory grazing experiment was conducted to compare the selective grazing of
benthic bivalves (Hyriopsis cumingii) and planktivorous fish (silver carp) on particle size and algae species. Their combination
grazing effects were also detected. The results showed that the clearance rates of silver carp were higher than that ofH. cumingii,
and that silver carp preferred particles in the 30–50 and 50–100 μm size fraction whereas H. cumingii did not show a significant
selective grazing on seston size. Furthermore, the differences between the selective grazing of H. cumingii and silver carp on
algae species were detected. Some algae species, which had not been digested well by silver carp, were not detected in H.
cumingii’s pseudofeces. Similarly, some algal species in the pseudofeces of bivalves were not detected in the feces of fish.
Moreover, the combined clearance rates ofH. cumingii and silver carp (ranging from 12.14 to 95.99mL gDW−1 h−1) were higher
than that of single filter feeder (0.47 to 10.18 mL g DW−1 h−1). We suggest therefore that when using biomanipulation measures
to control large-sized algal overgrowth, a combination of different filter feeders may be a better way considering their collabo-
rative grazing in both particle size and algae species selectivity.
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Introduction
Filer feeders have a significant influence on phytoplankton
and suspended particles in water (Dame and Olenin 2005).
So, many biomanipulation approaches such as benthic bi-
valves and planktivorous fish manipulation approaches have
been employed and applied to control algal bloomsworldwide
(Jeppesen et al. 2012). Stocking benthic bivalves or pelagic
fish was considered to be the complementary measure to
zooplankton manipulation technology, owing to the lack of
controlling large-sized algae (Gulati et al. 2008; Jeppesen et al.
2012). Many studies have proved that stocking benthic bivalves
could promote the reduction of large-sized algal biomass and
improve water transparency after nutrient loading reduction
(Karatayev et al. 1997; Gulati et al. 2008). Meanwhile, stock-
ing planktivorous fish has also been successfully applied to
control blue-green algal blooms in many Chinese eutrophic
lakes, such as Donghu Lake, Qiandaohu Lake, and Taihu
Lake (Liu and Xie 1999; Xie 2003; Liu et al. 2004; Guo
et al. 2015).
The selective grazing of filter feeders on particle size and
algae species is an important factor affecting the restoration
effects (Ward and Shumway 2004; Zhang et al. 2008). So far,
although many attentions have been given to the grazing char-
acteristics of filter-feeding bivalves and fish, many failed practice
applications of these two biomanipulation measures showed that
further research on the selective grazing of these filter feeders is
still needed (Vanderploeg et al. 2001; Knoll et al. 2008; Zhang
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et al. 2008). Silver carp (Hypophthalmichthys molitrix) has been
used to reduce nuisance blooms of large-sized algal species.
Vörös et al. (1997) compared the composition of natural phyto-
plankton communities with the gut content of silver carp
and found that this fish species (aged 1 year) cannot take
up algae smaller than 10 μm. Ma et al. (2010) hold that the
lowest phytoplankton size filtered by silver carp (average
weight 120 ± 21.8 g) was 5 μm, and phytoplankton size
larger than 20 μm could be almost completely filtered.
However, these results also showed that silver carp can
only filter large-sized suspended particles, which limits
the application of this technology (Zhang et al. 2008). In
addition, whether silver carp can inhibit phytoplankton
biomass is also controversial (Zhao et al. 2013).
Similar to silver carp, Hyriopsis cumingii, as a freshwa-
ter pearl bivalve, has been applied in the restoration of
eutrophic water with the advantages of strong pollution
resistibility and high filtration efficiency (Fei et al. 2006;
Zhu et al. 2008; He et al. 2014; Wang et al. 2017). Most
previous benthic bivalve studies are mostly focused on
zebra mussels, which are an invasive species to most coun-
tries (e.g., Borcherding 1992; Vanderploeg et al. 2001;
Knoll et al. 2008). It is therefore important to test native
species for their potential in lake restoration, and the con-
siderable diversity of bivalves in warm regions represents
an interesting opportunity. However, the research about
selective grazing of H. cumingii is still in the infancy. A
direct comparison between the grazing characteristics of
filter-feeding bivalves and planktivorous fish on particle
size and algae species is also not found in the literature
yet. The differences between the selective grazing of sil-
ver carp and H. cumingii are still not known to us.
Meanwhile, it remains to be studied which filter feeder
is more effective as the alternative technology to zoo-
plankton manipulation approach in lakes dominated by
large-sized algae. In addition, benthic bivalves and pe-
lagic fish inhabit different positions in water. Therefore,
we hypothesized that the combination of these two filter
feeders might be more effective in controlling algal
blooms. We believe that these studies will be very mean-
ingful for water managers to select an appropriate
biomanipulation approach.
For these above considerations, in this study, we inves-
tigated the grazing effects of H. cumingii, silver carp, and
their combination on natural seston collected from a eu-
trophic lake. Our objectives were (1) to investigate the
selective grazing of H. cumingii, (2) to compare the graz-
ing differences of H. cumingii and silver carp on natural
seston, and (3) to verify our hypothesis that a combined
grazing of benthic bivalves and pelagic fish is more effec-
tive in remedy eutrophic water bodies. That can give in-
sight into the potential choosing of biomanipulation mea-
sure to restore eutrophic waterbodies for water managers.
Methods
Collection of natural seston
Donghu Lake is the second largest city lake of China, located
in Wuhan, Hubei province, China. Miaohu Lake is a part of
the most eutrophic Donghu Lake. Due to the sewage
discharged by surrounding residents, it perennially faces the
threat of eutrophication. In March 2016, 150 L experimental
water was collected from Miaohu Lake and then brought to
the laboratory within an hour. The water was sufficiently
mixed and filtered by a bolting silk to remove large particles
(> 100 μm) before being sub-packed into each experimental
vessel. The contents of total phosphorus (TP), soluble reactive
phosphorus (SRP), total nitrogen (TN), and ammonia nitrogen
(NH4
+-N) in unfiltered lake water were 0.13 ± 0.00, 0.04 ±
0.01, 3.44 ± 0.02, 0.68 ± 0.03 mg/L, respectively. Our micro-
scopic examination results showed that phytoplankton cell
was the main suspended particles in the lake water sample,
and its species and particle size range of phytoplankton were
accorded with the experimental design. The concentration of
chlorophyll awas 250.01 ± 14.82 μg/L. The dominant species
of phytoplankton community were Synechocystis and
Scenedesmus sp. The concentration of total suspended parti-
cles ranging 4–100 μm was about 1.64 × 105/mL.
Collection and pre-cultivation of H. cumingii
and silver carp
The H. cumingii and silver carp used in the experiment were
purchased from a bivalve breeding site, in Hubei province,
China. They were pre-cultured in a pond (3 m × 4 m × 2 m)
until being used in the experiment. The pre-cultured water was
taken from a nearby eutrophic fish farming pond, where seri-
ous water bloom appears in spring and fall annually. The pond
water was regularly replaced every 2 days. The fish and bi-
valves were not fed additionally. Before the experiment, the
bivalves were collected and cleaned with a brush under run-
ning tap water, and both the bivalves and fish were incubated
for 12 h using 0.45-μm filtered lake water, to exclude the
interference of suspended particles attached to and excreted
by bivalves or fish.
Experimental setup
Four treatment groups named control, bivalve, fish, and
combined treatment were set up in our experiment
(Table 1). To correct for changes in the particle concentra-
tion other than those related to grazing, the control treat-
ments included triplicate vessels with 100 mL of 100-μm
filtered fresh lake water. One bivalve (age 1; mean shell
length, ~ 10 cm; mean wet weight, ~ 65 g) was added into
800 mL of 100-μm filtered lake water in the bivalve
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treatment. One fish (age 1; mean length, ~ 15 cm; mean
wet weight, ~ 75 g) was stocked into 8.0 L of 100-μm
filtered lake water in the bivalve treatment. One bivalve
and one fish were stocked into 14.4 L of 100-μm filtered
lake water in the combined treatment. Each treatment was
triplicated. The water temperature was consistent with an
indoor experiment (with an average of 15.2 °C).
Sampling and analysis
At the start of the experiment and after 9 h (from noon to
night), 20 mL water samples were taken from each exper-
imental vessel to measure the size distributions of particles.
The size distribution of each water sample was measured
five times using a FlowCAM (VS4, USA). Until analysis,
the water samples were stored in the dark at 4 °C.
Furthermore, after the grazing period, the bivalves and fish
were separately placed in 0.45-μm filtered lake water to
empty their guts, and then the feces or pseudofeces of bi-
valves and fish were collected to identify the phytoplank-
ton community composition after 4 h. The determination of
phytoplankton species was using an optical microscope at
× 400 magnification (Olympus BX53). Finally, the bi-
valves or fish was heated at 120 °C for several days to
determinate their dry weights.
In this experiment, the size distribution of particles in
water was determined using Flow Camera and Microscope
(FlowCAM). FlowCAM can automatically count, image,
and analyze the particles in a wide range of the cell den-
sities in diameter and has been widely used to enumerate
and size natural plankton samples. The time needed for a
sample was never more than 5 min (Rinta-Kanto et al.
2009; Alvarez et al. 2011; Wang et al. 2015). Before the
experiment, the FlowCAM was calibrated by a profession-
al engineer. The operation conditions of FlowCAM in our
experiment were showed in Table 2. At these conditions,
the size distribution of particles 4 to 100 μm in diameter
could be precisely enumerated.
The grazing activity of bivalves or fish was determined
by calculating clearance rates. The clearance rate is defined
as the amount of volume that is completely cleared of all
particles by the grazer (measured per unit dry weight in our
study) per unit time (Bunt et al. 1993). Clearance rate (CR)
was calculated according to Coughlan (1969) as:
CR ¼ V
nt
ln
C0
Ct
−ln
C
0
0
C
0
t
 !
In the equation, V is the volume of filtered water in each
treatment (800, 8000, and 14,400 mL for the bivalve, fish, and
combined treatment, respectively), n is the dry weight of filter
feeders in each treatment (gram), t is the time of the grazing
period, C0 and C0′ are the concentrations of particles in the
treatment with filter feeders and control treatment at the start
of the experiment,Ct andCt′ are the concentrations of particles
(number/mL) in the treatment with filter feeders and control
treatment at time t.
In this paper, Kruskal–Wallis nonparametric analysis of
variance (ANOVA) was performed to test if there were any
significant differences among groups for the six water quality
variables, with treatment group and sampling time as factors.
Post hoc tests for multiple comparisons between treatments
were also conducted. To decrease the error rate of the exper-
iment, P < 0.05 was considered significant. All the figures
were drawn with Origin 8.0. The analyses were finished with
SPSS 20.0 for windows.
Results
Changes of the size distribution of natural seston
As shown in Fig. 1, the seston size distribution in the control
treatments after 9 h showed a polarization trend. The concen-
trations of seston in the size range of 20–30 and 30–50 μm
were decreased while the size ranges 4–10, 10–20, and 50–
100 μm were increased. A similar variation trend was shown
in the fish treatments, but compared with the control treat-
ments, the mean variation ranges of seston concentrations in
the fish treatments were smaller (Fig. 1). However, the size of
seston tended to be lager in the bivalve treatment. The con-
centration of seston in the size range of 50–100 μm was in-
creased more than nine times compared with that before 9 h.
Table 1 The setting of each experimental treatment group
Treatment Bivalve (Hyriopsis cumingii) Fish (silver carp)
Number (ind.) Wet weight (g) Dry weight (g) Number (ind.) Wet weight (g) Dry weight (g)
Control – – – –
Bivalve 1 65 ± 10 25.49 ± 5.06 – –
Fish – – 1 75 ± 8 19.25 ± 3.30
Combined 1 65 ± 10 23.18 ± 3.08 1 75 ± 8 18.23 ± 1.55
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In the combined treatment, the size of seston also tended to be
larger, but the concentration of seston in the size range of 50–
100 μm was only increased by 33.16%.
Selective grazing on particles size
As shown in Fig. 2, the clearance rates of bivalves on different
sized seston ranged from 0.47 to 1.32 mL g DW−1 h−1.
Bivalves had the highest clearance efficiency on 10–20 μm
size fraction particles, but no significant difference was detected
between the clearance rates on different size fraction particles
(Kruskal–Wallis; P > 0.05). For the fish treatments, significant
differences were found for clearance rates of silver carp on dif-
ferent sized seston (Kruskal–Wallis; P< 0.05). Silver carp had
the highest clearance rates (10.18mL gDW−1 h−1) on 30–50μm
size fraction particles. The clearance rate of silver carp on 50–
100 μm size fraction particles (9.93 mL g DW−1 h−1) was softly
lower than on 30–50 μm size fraction, but not significant
(Kruskal–Wallis; P > 0.05). In addition, the clearance rates of
4–10, 10–20, and 20–30 μm size fraction particles had no
significant difference, and both were lower than on 30–50
and 50–100 μm size fraction (Kruskal–Wallis; P < 0.05).
For the combined treatments, only the clearance rate on
50–100 μm size fraction particles was significantly higher
than on the other size fraction.
Compared with the other two treatments, the clearance rates
of combined treatments on all the size fraction particles were
higher, ranged from 12.14 to 95.99 mL g DW−1 h−1 (Fig. 2).
Significant differences were detected for the clearance rates on
seston in 30–50 and 50–100 μm compared with that of the
bivalves and fish treatments (Kruskal–Wallis; P < 0.05).
Phytoplankton community composition of feces
and pseudofeces excreted by bivalves or fish
The determination results showed that the phytoplankton
community of pseudofeces of bivalves was dominated by
Oscillatoria sp. and Scenedesmus sp. However, the dominant
Fig. 1 Particle concentration changes of different treatment before and after grazing experiment. The values indicate the mean removal percentages of
each size fraction
Table 2 The operation conditions of FlowCAM in our experiment
Objective Flow cell Flow cell
depth (μm)
Flow cell
width (μm)
Frame rate
(photos/s)
Flow rate
(mL/min)
Count volume
(mL)
Mode
× 10 FC100 100 2000 20 0.5 1 AutoImage
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species in the feces of fish were Scenedesmus sp., Chlorella
sp., Pediastrum sp., Cyclotella sp., and Melosira sp. They
were partially different from the phytoplankton composition
of control treatment which was dominated by Synechocystis
sp. and Scenedesmus sp. Furthermore, some species appeared
in the pseudofeces of bivalves and did not found in the feces of
fish, such as Anabaena sp., Microcystis sp., Micractinium sp.,
Melosira sp., Synedra sp., and Diploneis sp. Similarly, some
species in the feces of fish were not detected in the pseudofeces
of bivalves, such as Oscillatoria sp., Selenastrum sp.,
Actinastrum sp., Fragilaria sp., and Phacus sp. (Table 3).
Discussions
Comparison of the selective grazing of benthic
bivalves and pelagic fish
Previous studies have shown that zooplankton biomanipulation
can only filter and feed on phytoplankton less than 10 μm
(Burns 1968). Our experiment showed that both Hyriopsis
cumingii and silver carp can be used as a supplementary mea-
sure of zooplankton manipulation technology, owing they
both have a certain filter feeding effect on large-sized phy-
toplankton (> 10 μm). In the past, there were few studies
on selective grazing of H. cumingii. Previous benthic bi-
valve biomanipulation researches were mostly focused on
zebra mussels. They proposed that zebra mussels have a
preference on particle size and algae species (Vanderploeg
et al. 2001; Naddafi et al. 2007). However, our experimen-
tal results showed that selective grazing on algae species
but on seston size was found for H. cumingii. These results
may be due to the grazing mechanisms of H. cumingii. It is
a kind of passive filter-feeding benthic bivalve without
specialized prey organs. Currents produced by the action
of the laterofrontal cilia or cirri of the ctenidia facilitate this
process by redirecting particles from the through current,
laterally onto the filaments. Then, the organic detritus or
phytoplankton with an appropriate size is selectively
ingested into the digestive tract. Too large or too small
sized particles are excreted in the form of pseudofeces
and removed from the water by sinking to the bottom of
water (Fei et al. 2006). The increased concentration of 50–
100 μm size fraction particles may support our speculation.
In the present study, a positive selective grazing of silver
carp on seston in the 30–50 and 50–100 μm size fraction was
found. Our results are consistent with the experiment results of
Liu and Xie (2003), who found that the phytoplankton bio-
mass was dominated by large algae (> 30 μm) in the fish-free
enclosures while dominated by small algae (< 30 μm) in the
enclosures stocked with silver and bighead carp. Although
controversial results were achieved by previous studies
resulting from differences in analysis method, food type, and
fish size, it is convinced that silver carp has a positive selective
grazing on large-sized or colonial algae (Vörös et al. 1997;
Zhang et al. 2008;Ma et al. 2010). However, some researchers
questioned the silver carp manipulation measure because of
the selective grazing of silver carp. They proposed that stock-
ing silver carp is only suitable for controlling cyanobacterial
blooms, and silver carp may lead to the miniaturization of
phytoplankton community structure, or even an increase of
total phytoplankton primary productivity (Wang et al. 2004;
Milstein et al. 2006; Zhang et al. 2008). Our experimental
results validate this view.
This study is the first to directly compare the clearance rates
of freshwater benthic bivalves and pelagic fish on natural
seston. The clearance rates of silver carp and bivalves showed
that grazing selectivity of bivalves and silver carp could com-
plement to each other. As discussed above, silver carp has a
higher filtration rate on large particles which could not effec-
tively be grazed by bivalves. Similarly, bivalves can also im-
prove the filtration rates on small particles that could not be
effectively grazed by silver carp. This hypothesis can be cor-
roborated by our experimental results. In the combined treat-
ments, the mean clearance rates on 50–100 μm size fraction
particles was the highest, followed by on 10–20 μm size frac-
tion particles. Furthermore, the differences of selective graz-
ing on algae species between silver carp and bivalves were
also found. The phytoplankton composition excreted by bi-
valves or fish showed that some algae, which could not be
digested well by one of these two filters, did not appear in
another’s feces or pseudofeces, such as Oscillatoria sp.,
Melosira sp., and so on. Previous studies showed that because
of the lack of relevant digestive enzymes, silver carp could not
feed on some algae species with thick bacterial cellulose, gel-
atin, and chitin, such as Cyanobacteria, Chlorophyta, and
partial Bacillariophyta (Miura 1990; Xie 2003). However,
H. cumingii used in our experiment is a kind of bivalve
Fig. 2 Clearance rates (CR) of H. cumingii, silver carp and combined
treatments on different size fraction particles. Letters Ba^ and Bb^ indicate
significant differences (P < 0.05)
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containing liver, stomach, esophagus, intestines, and other
digestive organs, which can secrete many enzymes including
the cellulose (Xu et al. 2008). Fei et al. (2006) found that
H. cumingii could digest most algae filtered into the alimen-
tary canal except for the ones with a complex structure such as
Scenedesmus sp. and Pediastrum sp.
Combined effects of benthic bivalves and pelagic fish
Previous fail practices show that biomanipulation of a single
species may not be successful (Gulati et al. 2008). A more
comprehensive biological control measure to restore the food
chain or food web of a water ecosystem may improve its
capacity for self-regulation and steady state recovery
(Palmer et al. 1997). Our results showed that the combined
grazing effects of silver carp and bivalves were significantly
improved and that the clearance rates on all size fraction par-
ticles were significantly higher than that of a single filer feed-
er. The grazing complementary in both particle size and algae
species selectivity between silver carp and bivalves may be a
reason for the higher clearance rates of the combined treat-
ments. In addition, the disturbance of silver carp on water
column may promote the grazing of bivalves on suspended
particles. Many researches demonstrated that the vertical
mixing of the water column increases the amount of available
food and promotes the filtration activity of bivalves (Dolmer
2000; Newell et al. 2001; Oganjan and Lauringson 2014).
Based on our present and previous study results, we believe
Table 3 Comparison of
phytoplankton community
composition of feces or
pseudofeces excreted by bivalve
and silver carp. B+++^ indicates
the dominant species. B+^
indicates that this species was
detected in feces or pseudofeces;
B–^ indicates that this species was
not detected in feces or
pseudofeces
Taxa Control
treatment
Feces
of fish
Pseudofeces
of bivalves
Cyanobacteria Merismopedia sp. + + +
Oscillatoria sp. + +++ –
Synechocystis sp. +++ – –
Anabaena sp. + – +
Microcystis sp. + – +
Chlorophyta Scenedesmus sp. +++ +++ +++
Chlorella sp. + + +++
Crucigenia sp. + + +
Schroederia sp. + + +
Micractinium sp. + – +
Coelastrum sp. + + +
Closterium sp. + – –
Cosmarium sp. + + +
Pediastrum sp. + + +++
Tetraedron sp. + + +
Kirchneriella sp. + – –
Selenastrum sp. + + –
Chodatella sp. + – –
Actinastrum sp. + + –
Tetrastrum sp. + + +
Bacillariophyta Cymbella sp. + – –
Cyclotella sp. + + +++
Navicula sp. + – –
Synedra sp. + – +
Melosira sp. + – +++
Fragilaria sp. + + –
Gomphonema sp. + – –
Asterionella sp. + – –
Gyrosigma sp. + – –
Diploneis sp. + – +
Euglenophyta Phacus sp. + + –
Euglena sp. + – –
Cryptophyta Cryptomonas sp. + – –
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that combined of pelagic fish and benthic bivalves are more
effective than any single filter feeder of them in reducing
suspended particles and controlling the overgrowth of algae,
which may be a better complement to zooplankton
biomanipulation technology.
Implications for lake restoration
Our experimental results show that both H. cumingii and
silver carp have a selective grazing on seston size or
algal species. When taking them as the alternative ap-
proaches to zooplankton manipulation technology, it is
very necessary for water managers to investigate the
dominant species of phytoplankton in local water before
biomanipulation in a whole lake. Zooplankton manipula-
tion technology is more suitable in lakes dominated by
small individual algae. However, silver carp manipula-
tion approach may be more suitable for control large-
sized algae (> 30 μm), especially for the control of
cyanobacterial blooms (Wang et al. 2004; Milstein
et al. 2006; Zhang et al. 2008). Besides, the digestion
mechanisms of zooplankton, H. cumingii, and silver carp
should also be taken into account. For example, zoo-
plankton manipulation techniques may have better con-
trol effects on single-cell algae without a complex struc-
ture. The H. cumingii manipulation approach could be
introduced into lakes dominated by algae species which
could not be digested by silver carp.
In addition, our findings suggest that a combination of
different filter feeders is the best approach out of the three
tested treatments to control lager-sized algal biomass.
According to our data, a density of one bivalve per square
meter (density biomass 504.86 g DW, average clearance
rate 0.77 mL g DW−1 h−1) would need about 5 months to
clear a lake with a depth of 1.5 m (average depth of shallow
lakes in China). A density of one silver carp per meter
(average biomass 334.24 g DW, average clearance rate
6.17 mL g DW−1 h−1) would need 1 month, while the
combination of bivalves and silver carp at the same density
would only need 4 days. It is worth noting that our studies
are carried in the laboratory. The densities of bivalves and
silver carp were 81.25 and 5.21 wet weight kg/m3, respec-
tively. However, in real ecosystems, their densities are usu-
ally lower than ours (Xie and Liu 2001; Cai et al. 2010).
Meanwhile, the clearance rates of silver carp and bivalves
will also be lower than our experimental results affected by
many factors such as species, size, temperature, season,
and food composition (Vaughn et al. 2004; Kotta et al.
2005; Gulati et al. 2008). So, stocking H. cumingii or silver
carp at such a high density in eutrophic water is almost
impossible to be successful. The bivalve or fish’s death
will further accelerate the eutrophication. However, the
combination of benthic bivalves and pelagic fish
significantly improved the clearance rate, which makes
it possible to remedy water by stocking filter feeders at
a low density.
Finally, we suggest that this study was mainly focused
on the effects of grazing of filter feeders on seston, but we
also recognize the importance of nutrients in water eco-
logical restoration. Cooke et al. (2005) reported that re-
ducing external nutrient loading is a key to restoring eu-
trophic waterbodies and should have the highest priority.
Internal nitrogen (N) and phosphorus loadings also signif-
icantly influence the restoration of eutrophic waterbodies
(Søndergaard et al. 2003, 2007). However, some applica-
tions showed that introducing filter-feeding bivalves or
fish could promote the increase of nutrients (Nizzoli
et al. 2005; Zhang et al. 2014). Therefore, combination
biomanipulation of filter feeders with measures of reduc-
ing nutrient loading, such as replanting submerged macro-
phytes, is necessary to restore eutrophic water bodies.
Furthermore, the bivalve and fish species used in our ex-
periment are economic, good pollution resistance, and na-
tive to China. The biological invasion must be avoided
before biomanipulation of these filter feeders in eutrophic
water bodies. Finally, a direct application of these study
results to local waterbodies may not necessarily succeed,
and our method’s potential must be tested before applied
in the scale of the whole lakes.
Conclusion
In this paper, we study the selective grazing of H. cumingii
and silver carp as well as their combination of particle size and
algae species. The experiment results showed that silver carp
preferred particles sized larger than 30 μm whereas
H. cumingii did not show a significant selective grazing on
seston size. The selective grazing of H. cumingii and silver
carp on algae species was also different. Furthermore, the
combined clearance rates of H. cumingii and silver carp on nat-
ural seston were highest in our three tested treatments. These
results indicated that when using biomanipulation measures to
control large-sized algal overgrowth, a combined of different
filter feeders may be a better way considering their collaborative
grazing in both particle size and algae species selectivity.
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